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relations between ventilation system type and office worker
symptoms in a set of U.S. buildings selected without regard to
worker complaints. Twelve public office buildings in northern
California meeting specific eligibility criteria were studied in
the summer of 1990: three naturzlly venrilated, three mechan-
ically ventilated (without air conditioning), and six air-condi-
tioned buildings. Questionnaire data were collected from 880
workers in selected spaces within the smdy buildings. We
adjusted effect estimares for various ventilation types for per-
somal, job, and work place factors wing logistic regression, and
alternatively, using a mixed effects model (SAS/GLIMMIX) to
adjust for correlared responses within study spaces. Higher
adjusted prevalences of mosr symprom outcomes were associ-

ated with both mechanical and air-conditioned ventilation,
relative to natural. With a conservative adjustment for prob-
lemn building status, the highest adjusted prevalence odds ratios
from logistic regression models were for dry or iwchy skin
[mechanical: odds mtio (OR) = 6.0, 95% confidence interval
(Cl) = 1.6=22; air-conditioned: OR = 6.0, 95% Cl = 1.7-21]
and lower respirarory symproms (mechanical: OR = 2.9, 95%
Cl = 0.7-11; air-conditioned: OR, = 4.0, 95% Cl = 1.1-15).
GLIMMIX estimates were similar, with slightly wider confi-
dence intervals. Reporting bias was small. These findings of
symptom increases within mechanically ventilated and air-
conditioned L1.5. buildings support previous findings available
only from European buildings. (Epidemiclogy 1996;7:5683-58%9)
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Outbreaks of building-related illness in offices, involving
recognized infectious disease, hypersensitivity disease, or
toxicity from known pollutants, have been well docu-
mented.! More common, however, are apparent out-
breaks of illness within office buildings in which neither
environmental causes nor recognized diseases can be
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identified. Mostly reported within the last 20 years,

these episodes are often called sick building syndrome
(SBS).? Sick building syndrome is characterized by wide-
spread complaints of nonspecific symptoms (for exam-
ple, mucous membrane irritation, upper respiratory prob-
lems, skin imitation, headache, and fatigue), bur no
clinical sign or laboratory abnormality.!

Various European epidemiologic studies have exam-
ined office worker symptoms within multiple office
buildings of different ventilation types, chosen without
regard to worker complaints.™"? In these studies, higher
symprom prevalences were generally not related to mea-
sured contaminant concentrations. Almost without ex-
ception, however, these studies found symptom preva-
lences to be higher within air-conditioned buildings,
even withour humidification, than within naturally ven-
tilated buildings.*-**" Findings for mechanical ventila-
tion systems without air conditioning have been incon-
sistent. MMM Nione of these studies assessed the role of
reporting bias due to occupant concemns about air-con-
ditioned buildings.

The relation of worker symptoms to building ventila-
tion type has not been studied previously within the
United Srates. To address this question, the California
Healthy Building Study investigated the association of
work-related symptoms with mechanical ventilation and
with air conditioning, relative to natural ventilation,
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after adjustment for potential confounding by personal,
job, and work space factors, and with assessments of
potential reporting bias. Additional information on
study design and. methods, and additional study objec-
tives, have been reported previously.1617

Subjects and Methods -

Stupy DESIGN AND PoruLaTION

We studied workers in public office buildings in the San
Francisco Bay Area of California between June and
September 1990. Buildings were selected, without regard
to previous worker complaints, from city- and county-
owned office buildings meeting specific eligibility crite-
ria'” and having one of three types of ventilation: natural
ventilation (ventilation only by operable windows); me-
chanical ventilation (mechanical supply and exhaust
ventilation with no air conditioning and no humidifica-
tion, and with operable windows); and air conditioning
(mechanical supply and exhaust ventilation with air con-
ditioning and no humidification, and with sealed win-
dows).

Among eligible buildings, refusals came from 1 of 4
naturally ventilated buildings (no reason provided), 1 of
4 mechanically ventilated buildings (no reason provid-
ed), and 5 of 11 air-conditioned buildings (4 refusals due
to serious worker/management tensions about occupant
health issues, 1 refusal due to insufficient occupant
time). We included all 12 buildings that granted permis-
sion. Smoking within all of these buildings was prohib-
ited except, within some buildings, in small designated
areas not linked by ventilation to the rest of the build-
ing. The average daily maximum summer temperatures
in the three included counties varies from 69°F in San
Francisco to 86°F in Contra Costa County, with essen-
tially no summer rain and moderate (<60%) humidity.

To study a representative set of buildings, we neither
sought nor excluded “problem buildings™® with wide-
spread occupant concerns about indoor air quality and
health. Because symptom reports from such buildings
may be upwardly biased by occupant concerns, our anal-
ysis included adjustment for problem building status.
Only one of our study buildings (#2), an air-conditioned
building, was found to be a classic problem building,
with a history of persistent occupant health complaints
and unsuccessful health investigations. In our target
population, however, four of the five air-conditioned
buildings not made available for study were potentially
problem buildings as well. :

Within each building, we studied only workers from
specific study spaces. We selected the largest open office
areas available, containing together at least 45 workers,
along with adjoining enclosed offices. Overall, we in-
cluded 29 study spaces from the 12 buildings, with the
number of workers per space ranging from 3 to 77. All of
these workers were eligible if they had worked in the
building at least 3 months, worked there at least 20
hours per week, and were not absent from the office for
a week or more during the study period.
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We obtained building information from records, phys-
ical inspections, and interviews with building manage-
ment and engineering staff, and we made a variety of
environmental measurements.!” All environmental con-
taminants measured were below any existing occupa-
tional health standards or guidelines, and the measured
indoor environmental parameters, by the metrics used in
preliminary analyses, showed little relation to symptoms.

(QUESTIONNAIRE

The questionnaire was a modified version!é of a self-admin-
istered questionnaire used in several U.S. government
building studies.”®? Data reported here came from two
questions asked about 15 symptoms: “How often during the
LAST YEAR did you experience this symptom while work-
ing in the building?” (responses: never, rarely, sometimes,
often, always) and “Does the symptom usually change
when not at work? (responses: gets worse, stays the same,
gets berter). Other questions assessed health, demographic,
psychosocial, and job-related parameters.

ANALYTICAL METHODS

Outcome Variables

We defined a “work-related symptom” as one that oc-
curred often or always at work in the previous year and
also improved away from work. We analyzed eight out-
comes (Table 1), using data on 12 specific symptoms.
We constructed seven of these outcomes from individual
symptoms previously reported to be related to indoor air
factors and ventilation typel: two outcomes came di-
rectly from individual symptom questions (eye symp-
toms, skin symptoms), and five outcomes were symptom
groupings based on common organ systems, hypothesized
mechanisms, or previous reports. We defined three of
the symptom group outcomes to require at least one
work-related symptom within that group (nose or throat,
lower respiratory, headache or fatigue). As indices of
relatively more severe symptom outcomes, two multiple
symptom group outcomes required multiple work-related
symptoms within the symptom group (multiple lower
respiratory, requiring both of the two relevant symp-
toms; multiple mucous membrane, requiring three of the
four relevant symptoms). Forthe multiple lower respi-
ratory symptom outcome, regression models would not
converge, owing to zero prevalence in the naturally
ventilated buildings. For this outcome, we expanded the
definition of a work-related symptom to include symp-
toms experienced sometimes, often, or always during the
previous year, and improving away from work. (Preva-
lences by the original and expanded definitions can be
compared in Table 2.) :

The eighth outcome analyzed, the “non-indoor air-
related” symptom group, required at least one work-
related symptom of three symptoms not previously re-
ported to be associated with indoor air factors or
ventilation type: toothache, earache, and pain in neck
or shoulder. We assumed that actual prevalence of these
symptoms, although possibly related to various physical
or psychological work stressors, or some indoor climatic
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TABLE 1. Symptom Outcomes* Used in Analysis

Eye symptoms
Dry, imrritated, or itching eyes

Skin symptoms
Dry or itchy skin

Nose or throat symptoms (at least 1 of)
Runny nose

Stuffy nose/sinus congestion -

Dry or irritated throat

Lower respiratory symptoms (at least 1 of)
Chest tightness
Difficulty breathing

Headache or fatigue (at least 1 of)
Headache
Unusual fatigue or tiredness

Multiple lower respiratory symptoms (both’ of)
Chest tightness
Difficulty breathing

Multiple mucous membrane symptoms (at least 3 of)
Dry, irritated, or itching eyes
Runny nose
Stuffy nose/sinus congestion
Dry or irritated throat

Non-indoor air-related symptoms (at least 1 of)
Earache
Toothache

Pain or numbness in shoulder/neck

* A work-related symptom, unless otherwise specified, was defined as one that
occurred often or always when at work during the previous year and that also
improved when away from work.
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conditions, should not differ by ventilation type. In-
creased reporting of these symptoms would thus suggest
symptom overreporting.

Independent Variables

Models included indicator variables for the ventilation
type categories, mechanical ventilation and air condi-
tioning, relative to natural ventilation. We used a co-
variate term for “problem building status” to adjust for
any unusual psychosocial influences on symptom report-
ing in the one problem building. We used other covari-
ate terms, shown in Table 3, to adjust for potential
confounding by personal, job, and work space character-
istics.

Analyses

For analyses, we used SAS version 6.08, PROC LOGIS-
TIC,?! and GLIMMIX,?#? a SAS Macro. We calculated
crude and adjusted odds ratios (ORs) and 95% confi-
dence intervals (Cls) for associations between each of
the eight symptom outcomes and ventilation type.* We

estimated adjusted ORs in both logistic regression and
mixed effects logistic regression (GLIMMIX) models.

Logistic Regression Models

For each outcome, we included in the initial full multi-
variate model all covariates for which the P-value in a
bivariate model was less than 0.25. Potential covariates
are listed in Table 3. We included terms for the two
ventilation types and problem building status in all mod-
els. We reduced the initial models by removing covari-
ates for which the P-value was less than 0.20, except

TABLE 2. Crude Prevalence of Work-Related Symptoms* in the Study Population of Workers

Ventilation Type and Building Numbers

Natural Ventilation Mechanical Ventilation Air Conditioning Béi{li-
ings
Symptoms 1 10 12 All 6 9 11 All 21 3 4 5 7 8 All  (1-12)
Eye symptoms 150 9.4 148 135 150 102 295 204 37.7 170 232 143 204 205 243 22.0
Skin symptoms 2.6 3.2 1.9 2.4 7.3 20 154 95 224 9.0 111 20 191 .38 131 10.8
Nose or throat 24.4 281 127 203 390 240 295 302 568 297 432 160 337 229 317 33.7
toms
iﬁp 00 62 1.8 2.4 7.3 00 10.8 68 166 34 100 40 6.7 49 8.8 7.5
respiratory
symptoms —
Hefadache or 263 242 236 246 366 128 370 298 57.1 286 440 340 318 195 386 349
atigue :
Multig;le 73 00 3.6 39 98 40 141 101 210 12.1- 153 40 101 108 138 11.6
mucous
membrane
symptoms
Multiple lower 00 00 00 00 49 00 14 1.9 69 00 54 00 23 1.2 34 2.6
respiratory
ptoms
Multiple lower 56 32 16 58 122 - 23 183 122 184 5.7 9.3 20 105 4.9 9.9 9.7
respiratory
symptoms}
Non-indoor 150 152 146 148 146 122 143 138 200 154 164 160 135 108 158 153
air-related
symptoms
Number 41 34 55 130 41 50 79 170 151 96 111 50 89 83 580 880

* Often or always in the last year, unless otherwise specified.
1 Building with “problem” history.
$ Sometimes, ofien, or always in the last year.
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TABLE 3. Covariates* Used in Regression Models

Building factors
Ventilation type
Problem building status

Personal factors
Gender
Age
Race
Education
Smoking
Asthma
Pollen allergy

Psychosocial factors
Job stress
Job dissatisfaction

Job factors
Job type
Time per day using photocopiers
Time per day using computers
Months in building
Hours per week in building

Work space factors
Sharing work space with other workers
Cloth partitions
Carpets
Distance from a window
Ability to see out a window
Amount of natural light

* Ventilation type, race, and job type covariates were multicategorical; all others
were dichotomous.

when their removal changed ventilation type estimates
by more than 10%.

Initially, we included the covariate term for problem
building status in all models. To explore the influence of
this building on the effect estimares, we created two
alternate sets of logistic regression models, one excluding
the covariate term for problem building status, and one
excluding all data from the problem building.

Mixed Effects Models

Because respondents were selected in clusters by study
spaces, the sample may have had less variability than if
individuals had been selected independently. Conven-
tional logistic models assume independent individual ob-
servations and may exaggerate the precision of estimates in
such cases. We used GLIMMIX with an “exchangeable
correlation structure” to adjust for the possible non-inde-
pendence of individuals within study spaces.

Results

The response rate among eligible workers was 85% over-
all and similar among the three ventilation types, with
880 completed questionnaires received. Detailed infor-
mation about study participants has been reported pre-
viously.'” Seventy-two per cent of the workers were
women; 65% were over 39 years old; 46% were white;
44% were clerical, and 48% were professionals or man-
agers; 47% had less education than a bachelor’s degree;
and 18% were current smokers.

Table 2 shows the crude prevalence of work-related
symptom outcomes for each building, each ventilation
type, and the total study population. Prevalences are
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shown for multiple lower respiratory symptoms using
both the regular and modified definitions. Among the
symptom outcomes, overall prevalences were highest for
headache or fatigue (34.9%) and nose or throat symp-
toms (33.7%) and lowest for multiple lower respiratory
symptoms (2.6%). Symptom prevalences showed sub-
stantial variation within ventilation types but were gen-
erally lower within naturally ventilated buildings, with
the highest prevalences for all symptom outcomes in an
air-conditioned building (#2).

Crude ORs (not shown) were somewhat elevated for
both mechanically ventilated and air-conditioned build-
ings, relative to naturally ventilated buildings, for all
symptoms hypothesized to be related to indoor air. These
ORs, except for multiple lower respiratory symptoms,
were highest in the air-conditioned buildings. No eleva-
tion was seen for non-indoor air-related symptoms.

Table 4 shows adjusted ORs from the logistic regres-
sion models, both with and without the problem build-
ing status covariate. Adjusted ORs for both ventilation
types were elevated for all symptoms hypothesized to be
related to indoor air. Non-indoor air-related symptoms
showed little or no increase for either ventilation type.
The highest adjusted ORs in both ventilation types were -
for skin symptoms, lower respiratory symptoms, and mul-
tiple mucous membrane symptoms. '

Table 4 also shows that inclusion of a problem build-
ing term in the model had little effect on symptom
estimates for mechanically ventilated buildings, but it
consistently lowered estimates for air-conditioned build-
ings. Adjusting for problem building status lowered all
symptom ORs even more than excluding problem build-
ing data entirely (not shown).

OR estimates from GLIMMIX models, shown in Ta-
ble 4, were generally similar to, and within about 10%
of, estimates from logistic models. Confidence intervals
from GLIMMIX models were also similar to those from
logistic models. Most were slightly wider, by about 10%,
but they were somewhat narrower for the two least
common outcomes.

Discussion

CHOICE OF ANALYTIC APPROACH

The goal of these analyses was to produce minimally
confounded estimates of effect of two ventilation types
on office worker symptoms in a set of office buildings
representative, to the extent feasible, of three ventila-
tion types. .

Our adjustment for problem building status assumes
that the problem building contained unique psychoso-
cial influences, requiring separation in the analysis from
the effects of environmental exposures, in addition to
adjustment for job stress and job satisfaction. Prevalence
of the “non-indoor air-related” symptoms in the problem
building was, in fact, approximately 30% higher than in
the other air-conditioned buildings, indicating some
overreporting. Still, this 30% elevation cannot explain
the approximate 100—400% excess of other symptoms in
the problem building relative to the rest of the air-
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TABLE 4. Adjusted* Odds Ratios (ORs) and 95% Confidence Intervals (CI) for Work-Related Symptomst by Ventilation
Type, Relative to Naturally Ventilated Buildings, Using Logistic Regression and GLIMMIX Models

OR (95% CI) by Ventilation Type

Mechanical Ventilation

Air Conditioning

Logistic Regression Logistic Regression
Without - GLIMMIX Without GLIMMIX
Problem With Problem  With Problem Problem With Problem  With Problem
Work-Related Symptoms ~ Building Term  Building Term  Building Term  Building Term  Building Term  Building Term
Eye symptoms 1.8 (0.9-3.5) 1.7 (0.9-3.4) 1.7 (0.8-3.6) 2.5 (1.44.5) 2.1 (1.1-4.0) 2.1(1.1-4.2)
Skin symptoms 6.2 (1.7-23) 6.0 (1.6-22) 5.8 (1.4-24) 6.7 (2.0-22) 6.0 (1.7-21) 6.1 (1.6-23)
Nose or throat symptoms 1.8 (1.0-3.3) 1.8 (1.0-3.2) 1.6 (0.8-3.2) 2.5(1.54.2) 1.9(1.1-3.2) 1.7 (0.9-3.2)
Lower respiratory 2.8 (0.7-11) 2.9 (0.7-11) 3.2 (09-11) 5.6 (1.6-19) 4.0 (1.1-15) 4.1(1.2-14)
symptoms
Headache or fatigue 1.2 (0.7-2.3) 1.3(0.7-2.4) 1.3 (0.7-2.4) 2.0 (1.2-3.3) 1.5 (0.9-2.5} 1.5 (0.8-2.6)
Multiple mucous 3.4(1.2-9.7) 3.3(1.2-9.5) 3.1 (0.9-10) 4.3 (1.7-11) 3.4(1.3-9.1) 3.5 (1.2-10)
membrane symptoms :
Multiple lowier respiratory 3.0(1.1-8.2) 2.9 (1.0-8.0) 2.7 (1.1-7.0) 3.5(1.4-8.9) 2.8(1.1-7.6) 2.7(1.1-6.7)
symptoms
Non-indoor air-related 1.0 (0.5-2.1) 1.0 (0.5-2.1) 1.0 (0.5-2.2) 1.1 (0.6-2.0) 1.1 (0.6-2.0) 1.1 (0.6-2.1)
symptoms

* See Table 3 for independent variables potentially included in model.
T Often or always in the last year, unless otherwise specified.
$ Sometimes, often, or always in the last year.

\

conditioned buildings. Thus, adjusting models for prob-
lem building status, which essentially allocates to over-
reporting all of the excess risk in that building over other
air-conditioned buildings (and lowers all OR estimates
for air-conditioned buildings more than omitting the
problem building data entirely), is likely to be overly
conservative. Nevertheless, this decision affects only
whether air-conditioned buildings are associated with
additional excess risk over mechanical ventilation.

Mixed effects models, although in principle more ap-
propriate than conventional logistic models for observa-
tions selected in clusters, have not been used previously
in office building studies. Mixed effects models should,
in theory, produce the same point estimates but with
wider confidence intervals. GLIMMIX, relative to logis-
tic models, did produce similar ORs and, except for the
two least common outcomes, slightly wider confidence
intervals. Interpretation of the findings is thus little
affected by use of mixed effect models.

As GLIMMIX assumes large numbers of clusters, the 29
clusters in our data may have been too few. Logistic regres-
sion may thus be acceptable for other data with similar
departures from independence. For datasets containing
more clusters, mixed effect models may be preferable.

INTERPRETATION OF FINDINGS

Regardless of the analysis methods used, we found higher
prevalences of a number of work-related symptoms
among workers-in California office buildings with me-
chanical supply and exhaust ventilation, with or without
air conditioning. Without the presumably overly con-
servative adjustment for problem building status, symp-
toms within air-conditioned buildings were uniformly
higher than in mechanically ventilated buildings. Over-
all symptom patterns did not point to specific mecha-
nisms.

Comparable data, using representative sets of build-
ings, similarly specific ventilation categories, and esti-
mates adjusted for multivariate confounders (but not for
problem buildings) are available from two other studies,
both European.!''? These studies both showed modest
elevations of symptoms, with ORs generally below 1.5 in
mechanically ventilated buildings and slightly higher
elevations, with ORs less than 2.0, in air-conditioned
buildings. These studies agree with ours for eye symp-
toms and (reported previously) for headache and fa-
tigue.!” ORs for skin symptoms were substantially higher
in the California study. Other studies have not assessed
the lower respiratory, multiple lower respiratory, or mul-
tiple mucous membrane symptom outcomes, for which
ORs in this study were around 3 or higher.

The overall prevalences of some work-related symp-
toms in our study population were high: 35% for head-
ache or fatigue, and 34% for nose or throat symptoms.
Symptom prevalences in other cross-sectional office
worker surveys have been similarly high,* including sur-
veys from the United States and Canada.®?” These
estimates depend heavily on the definitions used but
nevertheless indicate a potentially widespread problem.

LIMITS TO INTERPRETATION :

Because the study included only workers from 12 public
office buildings in a limited geographical area and during
one season, the results may not be representative of
other U.S. office buildings, in different climates or dur-
ing other seasons. A number of potential biases still may
have influenced these findings. Careful enumeration of
all eligible buildings reduced bias in building selection,
but the high building refusal rate among air-conditioned
buildings, owing to worker environmental dissatisfac-
tion, likely caused underestimates of symptom preva-
lence within the air-conditioned buildings in our target
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population. Selection bias at the worker level may also
have resulted in underestimation of actual associations,
if workers with building-related health problems had left
jobs in their buildings or were absent because of illness
more often than others.

Substantial individual response bias is unlikely, be-
cause response rates were high and similar within all
ventilation types. As respondents were not aware of
study hypotheses, and questionnaires were self-adminis-
tered, this potential source of response bias cannot ex-
plain the associations found.

Current studies of sick building syndrome, lacking
objective health measures, are susceptible to bias from
worker concern about health effects of indoor air quality.
In this study, we assessed such overreporting in two
ways. First, symptom increases in our study were as high
within the older mechanically ventilated buildings with
operable windows as within most of the newer sealed
air-conditioned buildings. Thus, worker concerns based
on media reports about specific symptoms in predomi-
nantly new, air-conditioned buildings were not a likely
explanation for our findings. Second, the OR for non-
indoor air-related symptoms was only slightly elevated in
mechanical or air-conditioned buildings, much less than
were most other symptoms in these groups. In the prob-
lem building, non-indoor air-related symptoms were
much less elevated than other symptoms. This finding
indicates that overreporting in the study was modest,
even in the single building where it was most likely.

PossiBLE EXPLANATIONS FOR FINDINGS

Some factor(s) associated with mechanical or air-condi-
tioned ventilation systems in these buildings may be
causing increased symptoms. Humidification systems,
posing known microbiological exposure risks, were not
present in any of the study buildings. The absence, or
concerns about absence, of operable windows cannot
explain the elevated risks found, because the mechani-
cally ventilated buildings had operable windows. The
most likely explanation for our findings is an association
of both ventilation type and symptom prevalence with
at least one of the following: physical features related to
building age; inadequate thermal conditions or outside
air supply; or the production or dissemination of con-
taminants by ventilation systems.

The mean age for naturally ventilated buildings was 65
years, for mechanically ventilated, 49 years, and for air-
conditioned, 18 years. Newer buildings did not show the
simple association with symptoms reported elsewhere, > as
even older mechanically ventilated buildings had elevated
symptom prevalence. Nor was a relation apparent between
building age and symptoms within ventilation types. Thus,
it seems unlikely that factors related to building age but not
assessed in this study, even if related to symptoms, could
have caused substantial confounding without strong age/
symptom associations.

In this study, the measure of predicted thermal dis-
comfort used in preliminary analyses did not contribute
to prediction of symptom outcomes.!” Some studies have
found temperature in offices to be related to prevalence
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of work-related symptoms,'**5?°-3! although associations
between ventilation type and thermal discomfort have
not been reported,’3>** except in one study.3*

Supply of less outside air might elicit symptoms by
causing higher concentrations of indoor-produced pol-
lutants. Overall evidence from other studies indicates
symptom increases with lower outside air ventilation
rates. 3142630 Preliminary analyses of these data showed
no important association between mean indoor carbon
dioxide concentrations and symptom outcomes, al-
though the low CO, levels in our study buildings pro-
vided limited ability to assess such relations.!?” Only in
one building (#4) did we find a weekly mean concen-
tration even as high as 580 ppm. Volatile organic com-
pounds (VOCs) specifically can be affected by ventila-
tion rate, but, in preliminary analyses, we did not find
total VOC concentrations to be materially related to
symptom outcomes.!? (In other analyses, we have found
relations between specific irritant symptoms and more
complex metrics of VOCs; for example, VOC clusters
from water-based paints or solvents.35-6)

One credible hypothesis for the associations reported
here has been proposed previously: that mechanical ven-
tilation and air conditioning systems may disseminate
contaminants that cause occupant symptoms but are
not characterized by conventional exposure assess-
ments.*$3™-% Previous research has indicated that build-
ing ventilation systems may themselves be sources of
perceived pollutants*! or indoor air contaminants, such
as microorganisms!'?4243 or VOCs.# A recent study has
found the first association between ventilation systems
and an increase in a measured indoor air contaminant:
endotoxin from Gram-negative bacteria.?

Most earlier studies have not found associations in
office buildings between increased symptom prevalence
and specific measured airborne contaminants.!153245
Some recent field?%3946-51 and chamber’57 studies
have found such relations. Although these findings re-
quire confirmation, they indicate, along with indirect
findings such as those from this study, potential envi-
ronmental etiologies for office worker symptoms.? Iden-
tification of specific causes may require new indoor en-
vironmental measurement techniques.

Meanwhile, findings of multiple studies indicate that
naturally ventilated buildings overall have lower levels
of (unidentified) risk factors for symptoms and thus may
provide relatively healthy “background” symptom ranges
as goals for other building types.
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